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(54) DIELECTRIC LINE SWITCH AND ANTENNA SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To easily control the 
propagation of an electromagnetic wave and to make the 
system small-sized and low-cost by changing the 
opposition state of two conductor lines under mechanical 
control and switching the propagation/ cutoff state of the 
electromagnetic wave. 

SOLUTION: A dielectric line is constituted by arranging 
dielectric strips 3 between the respective flanks of a 
metal block 14 in a regular pentagonal prism shape and 
conductor plates parallel to them and a dielectric 
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resonator is provided as well to constitute a primary radiator. The dielectric line is divided by a 
surface crossing the propagation direction of the electromagnetic wave as a division surface 
and the two dielectric lines are relatively moved with the division surface to switch the 
dielectric strips 3 between the opposition state and nonopposition state. When the dielectric 
strips 3 is placed in the opposition state, the electromagnetic wave is propagated and when in 
the nonopposition state, the propagation of the electromagnetic wave is stopped. The 
opposition state of the two dielectric lines is changed under mechanical control, so this 
operates as a dielectric line switch by mechanical switching. 
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(57) [Abstract] 

[Technical problem] The dielectric wire way switch which enabled it to perform 
propagation control of an electromagnetic wave easily in dielectric wire way 
equipments, such as antenna equipment, and the antenna equipment of the 
small and the low cost using a dielectric wire way are constituted. 
[Means for Solution] A primary radiator is formed in a rotation unit with two or 
more dielectric wire ways, two or more primary radiators are changed in time 
sharing, and a transmission-and-reception wave beam is made to scan by 
mechanical switching with the fixed dielectric wire way with rotation of this 
rotation unit by moving the inside of the focal plane of a dielectric lens for the 
location of a primary radiator. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the dielectric wire way which allotted the dielectric strip between two 
parallel conductor sides, and made this dielectric strip part the propagation path 
of an electromagnetic wave abbreviation - The dielectric wire way switch which 
makes it the configuration where the dielectric wire way was divided by making 
into a parting plane the field at which it crosses in the propagation direction of an 
electromagnetic wave, is made to move relatively by said parting plane on two 
dielectric wire ways, and was changed to the opposite condition and the 
condition of not countering, in the dielectric strip part of two dielectric wire ways 
by said parting plane. 

[Claim 2] Relative displacement by said parting plane is a dielectric wire way 
switch according to claim 1 which is what is depended on rotation of one [ at 
least ] dielectric wire way. 

[Claim 3] Relative displacement by said parting plane is a dielectric wire way 
switch according to claim 1 which is what is depended on the rectilinear motion of 
one [ at least ] dielectric wire way. 

[Claim 4] When making into the direction of y the direction which intersects 
perpendicularly x directions and the electromagnetic wave propagation direction 
in the direction of z, x directions, and the direction of z in a direction 
perpendicular to the conductor side of said dielectric wire way, By establishing 
one [ which makes the shaft orientations of this multiple column configuration the 
direction of z of said dielectric wire way / said ] dielectric wire way in some or all 
of each side face of a multiple column configuration that has three or more side 
faces, and rotating the medial axis of this multiple column configuration as the 
center of rotation The dielectric wire way switch according to claim 2 for which 
one [ said ] dielectric wire way was moved in the direction of abbreviation y. 
[Claim 5] The dielectric wire way switch according to claim 2 for which one 
[ said ] dielectric wire way is rotated in the direction of a field of the conductor 
side of this dielectric wire way, and one [ said ] dielectric wire way was moved in 
the direction of abbreviation y when making into the direction of y the direction 



which intersects perpendicularly x directions and the electromagnetic wave 
propagation direction in the direction of z, x directions, and the direction of z in a 
direction perpendicular to the conductor side of said dielectric wire way. 
[Claim 6] The dielectric wire way switch according to claim 2 for which one 
[ said ] dielectric wire way was moved in the abbreviation x direction by rotating 
the direction of y for one [ said ] dielectric wire way as a revolving shaft when 
making into the direction of y the direction which intersects perpendicularly x 
directions and the electromagnetic wave propagation direction in the direction of 
z, x directions, and the direction of z in a direction perpendicular to the conductor 
side of said dielectric wire way. 

[Claim 7] The dielectric wire way switch according to claim 2 for which one 
[ said ] dielectric wire way was moved in the abbreviation x direction by rotating 
the direction of z for one [ said ] dielectric wire way as a revolving shaft when 
making into the direction of y the direction which intersects perpendicularly x 
directions and the electromagnetic wave propagation direction in the direction of 
z, x directions, and the direction of z in a direction perpendicular to the conductor 
side of said dielectric wire way. 

[Claim 8] the edge of two or more dielectric wire ways - or - on the way - alike - 
- respectively - a primary radiator - preparing - between said two or more 
dielectric wire ways and other dielectric wire ways - a dielectric wire way switch 
according to claim 1 to 7 - preparing - said - others - the antenna equipment 
which was made to perform the I/O change between a dielectric wire way and 
said two or more primary radiators. 

[Claim 9] Antenna equipment according to claim 8 it was made to deflect a 
transmission-and-reception wave beam by arranging said primary radiator near 
the focus of a dielectric lens, and performing the change to each primary radiator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the antenna equipment using the 
switch and dielectric wire way in the dielectric wire way which spreads the 
electromagnetic wave of for example, a millimeter wave band. 
[0002] 

[Description of the Prior Art] In the radar module for mount, the module for radio, 
etc., the circuit of a nonradioactive dielectric wire way (henceforth "NRD guide") 
format is proposed conventionally. By making both tracks approach or adding a 
ferrite etc., by being able to create components, such as a directional coupler 
and an isolator, easily and inserting the flat-surface circuit board in the center of 
a dielectric wire way, a NRD guide can mount a semiconductor device and other 
components, and can constitute various functional components. 
[0003] Here shows the configuration of the radar module of the millimeter wave 
band using a NRD guide to drawing 38 . this radar module - the upper part - a 
conductor -- a plate and the lower part - a conductor -- a plate - and -- both - a 
conductor ~ the NRD guide which consists of dielectric strips of the shape of a 
rod of the shape of the shape of a straight line inserted between plates and a 
curve is made into the propagation path of a millimeter wave, and it consists of 
an oscillator (millimeter wave oscillator), an isolator, the coupler (directional 
coupler), a circulator, a mixer, and a primary radiator of transmission-and- 



reception common use. Moreover, predetermined distance detached building 
************** j s attached in the upper part of a primary radiator. 
[0004] When using the radar module of drawing 38 as the FM-CW radar using 
the sending signal which performed frequency modulation to for example, the 
continuous wave (CW) signal of constant frequency, after the signal with which 
FM modulation of the millimeter wave band generated in the oscillator was 
carried out passes an isolator, through a coupler, the one half is supplied to a 
circulator and the remaining one half is supplied to a mixer as a local signal. The 
signal supplied to the circulator is spread to the dielectric resonator of a primary 
radiator, and is emitted from a dielectric lens through an electro-magnetic- 
radiation aperture. Incidence is carried out to a dielectric lens, it is received 
through the primary radiator which consists of an electro-magnetic-radiation 
aperture and a dielectric resonator, and the reflected wave from an object is 
supplied to a mixer by the circulator as a RF signal. And a local signal and a RF 
signal are mixed in a mixer, and it is taken out as an IF signal (intermediate 
frequency signal) in which the signal of the delta-frequency component had the 
distance information and speed-difference information to an object. 
[0005] 

[Problem(s) to be Solved by the Invention] High interest profit is obtained by the 
front surveillance radar module developed from the former, and the beam 
antenna in which interference with the car which runs an adjoining lane has 
sharp directivity so that it may be few is used for it. However, when the slow lane 
of a self-car curves, the car in an adjoining lane will be accidentally detected as if 
it was the car which runs the front of the slow lane of a self-car. In order to solve 
this problem, not only the distance information on a front car but bearing 
information is needed. 

[0006] As an approach of acquiring bearing information, there are an approach 
(scanning formula radar) of making the radiation direction of a radio beam 
scanning within a suitable include angle, and an approach (mono-pulse type 
radar) using two or more the sum signals of a signal and difference signals from 



an antenna, with which radiation patterns differ. 

[0007] Although how to rotate the whole radar module mechanically by a motor 
etc., and to make a sector scan a radar beam as a scanning formula radar could 
be considered, high-speed scanning is difficult and there was a problem to which 
the whole equipment becomes large-sized. Moreover, although there was also 
the approach of forming an electronic switch in the interior of a circuit, and 
changing an antenna, many antennas and a highly efficient NRD guide switch 
were needed, and there was a technical problem which must solve some in a 
miniaturization or low cost-ization. Furthermore, although the phase scan which 
changes an angle of beam spread in the direction of arbitration by arranging an 
antenna in the shape of an array, and controlling the phase of the electric supply 
signal to those antennas as an approach of scanning a beam, without moving an 
antenna was also theoretically possible, many antennas and the NRD guide 
phase shifter in which electronics control is possible were needed too, and it was 
unsuitable in respect of a miniaturization and low-cost-izing. 
[0008] On the other hand, in the case of the mono-pulse type radar, it is suitable 
for the miniaturization, but since the bearing range which should be detected is 
covered, an antenna with wide beam width will be used, when the part gain also 
becomes small and it detects it to a distant place, output power must be enlarged, 
or the active parts as amplifier must be prepared in a receiving circuit, and 
receiving sensibility must be raised. However, at present, it is difficult to obtain 
such active parts with a millimeter wave band. 

[0009] The purpose of this invention is to offer the antenna equipment of the 
small and the low cost using a dielectric wire way. 

[0010] Moreover, other purposes of this invention are to offer the dielectric wire 
way switch which enabled it to perform propagation control of an electromagnetic 
wave easily in dielectric wire way equipments, such as antenna equipment using 
a dielectric wire way. 
[0011] 

[Means for Solving the Problem] A passage according to claim 1, the dielectric 



wire way switch of this invention is made into the configuration where the 
dielectric wire way was divided by making into a parting plane the field at which it 
crosses in the propagation direction of an electromagnetic wave, and moves two 
dielectric wire ways relatively by said parting plane, and the dielectric strip part of 
two dielectric wire ways is changed to an opposite condition and the condition of 
not countering, by said parting plane. Thus, the opposite condition in the parting 
plane of two dielectric wire ways is changed, if a dielectric strip part will be in an 
opposite condition, an electromagnetic wave will spread, and if a dielectric strip 
part will be in the condition of not countering, propagation of an electromagnetic 
wave will be prevented. Since the opposite condition of two dielectric wire ways 
is changed by mechanical control, it acts as a dielectric wire way switch by 
mechanical change. 

[0012] Rotation performs relative displacement by the parting plane of said two 
dielectric wire ways a passage according to claim 2, or rectilinear motion 
performs a passage according to claim 3. 

[0013] When rotation performs relative displacement by the parting plane of two 
dielectric wire ways and the direction which intersects perpendicularly x 
directions and the electromagnetic wave propagation direction in the direction of 
z, x directions, and the direction of z in a direction perpendicular to the conductor 
side of said dielectric wire way is made into the direction of y a passage 
according to claim 4, One [ said ] dielectric wire way is moved in the direction of 
abbreviation y by establishing one [ which makes the shaft orientations of this 
multiple column configuration the direction of z of said dielectric wire way / said ] 
dielectric wire way in some or all of each side face of a multiple column 
configuration that has three or more side faces, and rotating the medial axis of 
this multiple column configuration as the center of rotation. By this configuration, 
two or more of other dielectric wire ways will carry out sequential opposite 
alternatively to one certain dielectric wire way only by rotating the part of said 
abbreviation multiple column configuration, and two or more dielectric wire ways 
with simple structure serve as a dielectric wire way switch switched one by one. 



[0014] In case rotation performs relative displacement by the parting plane of two 
dielectric wire ways, a passage according to claim 5, one dielectric wire way is 
rotated in the direction of a field of a conductor side, and one dielectric wire way 
is moved in the direction (the direction of y) which intersects perpendicularly in a 
direction (x directions) perpendicular to a conductor side, and the 
electromagnetic wave propagation direction (the direction of z). Thus, a dielectric 
wire way switch can be constituted by rotating a dielectric wire way in the 
direction of a field of a conductor side, making it a thin shape at the whole. 
Moreover, one dielectric wire way is moved in the abbreviation x direction a 
passage according to claim 6 by rotating said direction of y for one dielectric wire 
way as a revolving shaft. 

[0015] Moreover, one [ said ] dielectric wire way is moved in the abbreviation x 
direction a passage according to claim 7 by rotating the direction of z for one 
dielectric wire way as a revolving shaft. 

[0016] the antenna equipment of this invention - a passage according to claim 8 

the edge of two or more dielectric wire ways -- or on the way -- alike - 
respectively - a primary radiator preparing -- between said two or more 
dielectric wire ways and other dielectric wire ways - a dielectric wire way switch 
according to claim 1 to 7 - preparing - said - others - the I/O change between 
a dielectric wire way and said two or more primary radiators is performed. By this, 
alternative use of two or more primary radiators is attained, and beam switching 
of an antenna can be easily performed now. 
[0017] Moreover, the antenna equipment of this invention deflects a 
transmission-and-reception wave beam a passage according to claim 9 by 
arranging said primary radiator near the focus of a dielectric lens, and performing 
the change to each primary radiator. This structure enables it to deflect a 
transmission-and-reception wave beam by mechanical control, without making 
the whole equipment, such as a radar module, exercise. 
[0018] 

[Embodiment of the Invention] The fundamental configuration of the dielectric 



wire way switch concerning the operation gestalt of this invention is explained 
with reference to drawing 1 - drawing 7 . 

[0019] Drawing 1 is drawing showing the configuration of the principal part of two 
dielectric wire ways, and (A) is a sectional view where a perspective view and (B) 
pass along a top view, and (C) passes along a dielectric strip part, the conductor 
which forms two conductor sides with parallel 1 and 2 in drawing 1 - it is a plate 
and the prism rod-like dielectric strip 3 is arranged in the meantime. This 
structure constitutes the Normal type dielectric wire way 1 1 . the same - the 
dielectric strip 6 - a conductor - it arranges among plates 4 and 5 and the 
Normal type dielectric wire way 12 is constituted. It is made to counter by the 
parting plane S in the condition which shows these two dielectric wire ways 1 1 
and 12 in this drawing. 

[0020] here - a conductor - if the direction which intersects perpendicularly the 
direction x directions and the electromagnetic wave propagation direction 3, i.e., 
a dielectric strip, turn [ direction ] to a direction perpendicular to a plate in the 
direction of z, x directions, and the direction of z is made into the direction of y, it 
will switch by the ability shifting the dielectric wire way 12 in x directions, the 
direction of y, the direction of xtheta, the direction of ytheta, or the direction 
approximated to these, as shown in drawing 2 . 

[0021] Drawing 3 is an example which switches by moving a dielectric wire way 
in the direction of y shown in drawing 2 . That is, by moving the dielectric wire 
way 12 in the direction of y relatively to the dielectric wire way 1 1 , an opposite 
location with the dielectric strips 3 and 6 can be shifted. 
[0022] Drawing 4 is an example moved in the x directions shown in drawing 2 , 
and can shift opposite physical relationship with the dielectric strips 3 and 6 by 
moving the dielectric wire way 12 in the x directions relatively to the dielectric 
wire way 1 1 . 

[0023] Migration control of the above-mentioned dielectric wire way may be 
performed using the actuator which carries out rectilinear motion in 
electromagnetism, although manual operation is also possible. 



[0024] Drawing 5 is an example moved in the direction of xtheta shown in 
drawing 2 , (A) of drawing 5 is drawing seen from the dielectric wire way 1 1 side 
in case there are two dielectric wire ways in an opposite condition, and (B) shows 
the condition of having rotated the dielectric wire way 12 by theta relatively to the 
dielectric wire way 1 1 . In addition, the center of rotation o, then the dielectric wire 
way 12 will move the lower part in this drawing in the direction of ytheta shown in 
drawing 2 . Of course, the location of this center of rotation o is arbitrary. 
[0025] drawing 6 — a dielectric wire way — a conductor — it is the example which 
switches by making it rotate in the direction of a field of a plate. In this case, as 
shown in (B) by making the parting plane S with the dielectric wire ways 1 1 and 
12 which counters into the cylinder side-face configuration, by rotating the 
dielectric wire way 12 relatively to the dielectric wire way 1 1 , opposite physical 
relationship with the dielectric strips 3 and 6 can be shifted, and propagation of 
an electromagnetic wave is intercepted by this. 

[0026] Drawing 7 is an example which rotates the dielectric wire way 12 by 
setting a center-of-rotation shaft as the direction of y, and switches by rotating 
the dielectric wire way 12 relatively to 1 1 in this example by carrying out the 
variation rate of the opposite relation with the dielectric strips 3 and 6. In addition, 
the configuration of a parting plane where two dielectric strips 11 and 12 counter 
may be made into the cylinder side-face configuration centering on the center of 
rotation of the dielectric wire way 12. 

[0027] Next, some examples of a more concrete dielectric wire way switch are 
shown. 

[0028] The example shown in drawing 8 consists of three dielectric wire ways 
shown by 1 1, 12, and 13, and when the dielectric wire way 12 rotates among 
these, it switches. 14 - a metal block it is - this - as one conductor side of the 
dielectric wire way 12 — using - a upside conductor - a dielectric strip is allotted 
between plates and the dielectric wire way is constituted. By rotating the medial 
axis of block 14 as a revolving shaft, an electromagnetic wave is spread in the 
condition which shows in drawing, the metal block 14 rotates, and this dielectric 



wire way 12 intercepts propagation of an electromagnetic wave, when the both 
ends of the dielectric wire way 12 will be in each end face of the dielectric wire 
ways 11 and 13, and the condition of not countering. (B) of this drawing is the 
representative circuit schematic, and NRD1, NRD2, and NRD3 will be equivalent 
to the dielectric wire ways 11, 12, and 1 3, and they will carry out [ both the 
switches of the both ends of NRD2 ] ON/OFF by rotation of the metal block 14. 
Thus, a dielectric wire way switch will be constituted between port #1 fixed and 
port #2. in addition this example - with a slot -- a conductor - a plate is made 
to counter, a dielectric strip is arranged to that Mizouchi, and the dielectric wire 
way of groove DOTAIPU is constituted. 

[0029] Although the dielectric wire way was formed in one field of the metal block 
14 in the example shown in drawing 8 all the side faces of a metal block of a 
multiple column configuration - moreover - yes, if a dielectric wire way is 
similarly constituted on the side face of shoes, it is shown in the equal circuit of 
drawing 9 - as -- the dielectric wire ways NRD21 and NRD22 of plurality 
[ between / NRD1 and NRD3 ], and .. NRD2n will be inserted alternatively. 
[0030] Drawing 10 is the example prepared in the location where what showed 
the center of rotation of the dielectric wire way 12 to drawing 8 differed, this 
example - two conductors of dielectric wire way 12 part - a plate ~ since the 
revolving shaft is mostly set as the central part, the dielectric strip part of the 
dielectric wire way 12 will move in the direction of xtheta. In addition, although 
circumference movement is sufficient as rotation of the dielectric wire way 12, 
both-way rocking of it may be carried out at a fixed include angle. 
[0031] Drawing 1 1 is the example which set the revolving shaft as the direction of 
y, and moves an opposed face with above and the dielectric wire way 13 for an 
opposed face with the dielectric wire way 1 1 downward by rotating the dielectric 
wire way 12 in the direction shown in drawing. 

[0032] drawing 12 - a dielectric wire way - a conductor - the example rotated in 
the direction of a field of a plate - it is - this drawing - setting - a upside 
conductor - it is shown as a condition which removed the plate. As shown in (A), 



if the dielectric strip 6 of the rotation section is the physical relationship which 
counters the dielectric strips 3 and 7, an electromagnetic wave will spread, and if 
the rotation section rotates 90 degrees and becomes as shown in (B), 
propagation of an electromagnetic wave will be intercepted. In addition, the 
termination machines 15 and 16 are also formed in the rotation section, as 
shown in (B), in an OFF condition, by carrying out termination of the dielectric 
strips 3 and 7, termination of the electromagnetic wave spread from the dielectric 
strip 3 is carried out with the termination vessel 16, termination of the 
electromagnetic wave conversely spread from the dielectric strip 7 is carried out 
with the termination vessel 15, and reflection is suppressed. 
[0033] drawing 13 - a dielectric wire way a conductor - it is drawing showing 
other examples which switch while making it rotate in the direction of a field of a 
plate. (A) - (C) - a upside conductor - the top view in the condition of having 
removed the plate, and (D) are representative circuit schematics. As shown in (A), 
two termination machines indicated to be four dielectric strips shown by 3, 7a, 7b, 
and 7c to a fixed part by 17 and 18 are formed, and four termination machines 
indicated to be three dielectric strips shown by 6a, 6b, and 6c by 19-22 are 
provided in the rotation section. Since dielectric strip 6b is inserted among the 
dielectric strips 3 and 7b in the condition which shows in (A), an electromagnetic 
wave will spread between port #1 and port #3. Termination of the termination 
machines 21 and 22 is connected and carried out to the dielectric strips 7a and 
7c. Since dielectric strip 6a is inserted between the condition which is made to 
carry out predetermined include-angle rotation of the rotation section 
counterclockwise, and is shown in (B), then the dielectric strips 3 and 7a, an 
electromagnetic wave will spread between port #1 and port #2. Termination of 
the termination machines 18 and 20 is connected and carried out to the dielectric 
strips 7b and 7c. Since dielectric strip 6c is inserted between the condition which 
is made to carry out predetermined include-angle rotation of the rotation section 
clockwise, and is shown in (C), then the dielectric strips 3 and 7c, an 
electromagnetic wave will spread between port #1 and port #4. Termination of 



the termination machines 19 and 17 is connected and carried out to the dielectric 
strips 7a and 7b. 

[0034] Although the roll control of the above-mentioned dielectric wire way is 
possible also for manual operation, if a DC motor and a stepping motor are used, 
electric control can perform switch control of a dielectric wire way. 
[0035] the example shown above - fundamental two conductors - although 
the dielectric wire way which has arranged the dielectric strip between plates was 
shown -- in addition — being also alike ~ various structures can be taken. 
Drawing 14 is the sectional view showing the structure of some dielectric wire 
ways. The dielectric wire way of the Normal type which already described (A), 
and (B) are the dielectric wire ways of groove DOTAIPU. while (C) is the 
dielectric wire way of wing DOTAIPU and forming the dielectric strip sections 33 
and 34 in some dielectric plates 31 and 32 - the external surface of the dielectric 
plates 31 and 32 - a conductor - the film is formed and a propagation path is 
constituted by making a dielectric strip part counter. (D) projects the dielectric 
strip sections 33 and 34 on the outside of the dielectric plates 31 and 32 - 
making - external surface - a conductor -- the film is formed, what is shown in 
the right-hand side of drawing 15 - these abbreviation - the circuit board 35 is 
arranged between two parallel conductor sides, and a millimeter wave circuit is 
constituted with a dielectric wire way. 

[0036] Next, some dielectric wire way equipments using a dielectric wire way 
switch are shown. 

[0037] Drawing 15 is drawing showing the configuration and the example of use 
of the dielectric wire way switch used for the property measuring instrument of 
dielectric wire way equipment. In order for WG to be a waveguide, for WG-NRD 
to be a waveguide-dielectric wire way converter and for the network analyzer of 2 
port measuring instrument to estimate the property of the dielectric wire way 
equipment of three ports in this drawing, a dielectric wire way switch is used, this 
dielectric wire way switch - drawing - setting the upper part - a conductor -- it 
is shown where a plate is removed. The dielectric strips 7a, 7b, and 3, the 



dielectric strips 6a and 6b on which it can be slid, and the termination machine 15 
which were fixed are formed in the dielectric wire way switch. In the condition 
which shows in drawing, the dielectric strips 3 and 7b are connected through 6b, 
and the termination machine 15 is connected to dielectric strip 7a. If it slides on 
the sliding section at the lower part in drawing, the dielectric strips 3 and 7a will 
be connected through 6a, and the termination machine 15 will be connected to 
dielectric strip 7b. 

[0038] Drawing 16 is drawing showing the configuration of a radar module. It is a 
plan in the condition that (A) removed drawing of longitudinal section and (B) 
removed the dielectric lens. The motor made to rotate a rotation unit and it with 
VCO, a mixer, etc. is formed in the interior of a radar module. This rotation unit is 
equipped with two or more primary radiators so that it may state below, and the 
location of the primary radiator in the focal location of a dielectric lens changes to 
the longitudinal direction in drawing 16 with that rotation. 
[0039] Drawing 17 shows the configuration of the above-mentioned rotation unit, 
and the physical relationship of a dielectric lens, a conductor parallel to each side 
face of the metal block 14 of the Shogo prism configuration, and it in this 
example - the dielectric wire way is constituted by allotting a dielectric strip 
between plates, moreover, a conductor parallel to each side face of the metal 
block 14, and it a dielectric resonator is formed between plates and the primary 
radiator is constituted. 

[0040] Drawing 18 is drawing showing the configuration of one dielectric wire way 
of a rotation unit, and a primary radiator, (A) is a plan and (B) is a sectional view. 
40 is the dielectric resonator in in the cylindrical shape-like the HE1 1 1 mode, and 
is prepared in predetermined distance detached building ****** from the edge of 
the dielectric strip 6 here, radiation and incidence of an electromagnetic wave are 
made from the upper part in drawing of this dielectric resonator 40 - as ~ a 
conductor - the window part which carried out opening to some plates 5 at the 
cone configuration is prepared, a dielectric resonator 40 and a conductor - 
having formed the slit plate 41 between plates 5, the radiation pattern is 



controlled by this slit plate 41. 

[0041] Drawing 19 is the representative circuit schematic of the above-mentioned 
rotation unit part. In this drawing, the dielectric wire way of a fixed side [ as 
opposed to a rotation unit in NRD1 ], and NRD2-NRD6 are the dielectric wire 
ways by the side of a rotation unit. Thus, a primary radiator will change one by 
one by forming two or more dielectric wire ways and primary radiators in a 
rotation unit, and making it rotate by the motor. 

[0042] Drawing 20 is drawing showing the physical relationship of a dielectric 
lens and a primary radiator. Each side face of a rotation unit is developed in this 
drawing, and it is arranged and shown on the flat surface. Thus, by forming the 
primary radiator in a location which is different little by little in the longitudinal 
direction in drawing, the orientation of a beam changes to the longitudinal 
direction in drawing with rotation of a rotation unit in five steps. And since the 
location gap (offset distance) of a primary radiator is unrelated to the size of a 
primary radiator, or adjoining spacing of a primary radiator, there is the 
description that offset distance is defined freely. 

[0043] Here, the example of the directional characteristics of the beam at the 
time of changing the above-mentioned offset distance is shown in drawing 36 
and drawing 37 . Drawing 37 is drawing showing the relation between the offset 
distance at the time of using a dielectric lens with a diameter of 75mm, and a tilt 
angle. Thus, compared with the diameter of opening of a dielectric lens, offset 
distance and a tilt angle have offset distance in abbreviation proportionality in the 
range short enough. Therefore, the direction of a beam will change by the 
abbreviation equiangular distance by changing offset distance to regular intervals 
discretely. Drawing 36 shows the directivity of the beam when changing offset 
distance to four steps. The half power angle (degree) of beams No1-No4 and the 
tilt angle (degree) are as follows. 
[0044] 

No.1 No.2 No.3 No.4 Half power angle (degree) 4.8 4.7 4.7 4.7 Tilt angle 
(degree) -7.0 -2.3 2.4 7.1 Difference of a tilt angle 4.7 4.7 4.7 Even if it changes 



offset distance by predetermined within the limits in this way, directional 
characteristics are hardly distorted. Moreover, a side lobe does not become large, 
either, so that clearly from drawing. 

[0045] Next, change of the property as a propagation path of an electromagnetic 
wave by the dielectric strip which counters shifting with rotation of the above- 
mentioned rotation unit is shown. 

[0046] (A) of drawing 21 is drawing showing the situation of a gap of the dielectric 
strip part when moving a dielectric wire way in the direction of ytheta, and (B) is 
drawing showing the situation of a gap of the dielectric strip at the time of making 
a dielectric wire way go straight on in the direction of y it can be considered that 
are it and abbreviation equivalence. The result of having measured the situation 
of property change about the waveguide as an example of a comparison is 
indicated to be the dielectric wire way of the Normal type shown in (B) to drawing 
22 . NRD shows a dielectric wire way and WG shows the waveguide here. On a 
dielectric wire way, a gap of the direction of y continues for 0-1 .0mm, in S1 1 
property, -20dB or less and S21 property serve as OdB of abbreviation, and it 
turns out that the propagation property of an electromagnetic wave is completely 
satisfactory. On the other hand, in a waveguide, S1 1 property falls from -20dB to 
-6dB as a gap of the direction of y changes to 0-1 .0mm. Moreover, S21 property 
maintains -1dB to 0.8mm, and a gap of the direction of y falls rapidly after it. 
[0047] Thus, since a current is not cut in the gap even if a dielectric wire way has 
♦a gap in a conductor compared with a waveguide, reflection cannot take place 
easily. Moreover, even if it shifts in the direction of y in the case of a dielectric 
wire way, low loss transmission is attained according to an operation of a 
dielectric strip, without seldom being influenced of the gap. And although it is 
necessary in a waveguide to establish choke structure in order to lessen effect of 
the gap of a connection, it is unnecessary on a dielectric wire way. 
[0048] The above-mentioned rotation unit of a forward pentagonal prism 
configuration makes it rotate for example, by 600rpm, and performs ten 
samplings with a pulse method in the condition that one primary radiator is 



chosen (to inside of the time amount connected on parenchyma). Drawing 23 is 
drawing showing the relation. For example, when it is made to scan for every half 
power angle of 4.5 degrees of a beam, as shown in (A), the deflection angle of a 
beam is -9 degrees to +9 degrees, and the connect time of one primary radiator 
is a maximum of 0.64ms, and performs 10 times of transmission-and-reception 
waves between them. For example, it is enough, if a transmission-and-reception 
wave is performed with the period of 8 microseconds as shown in (B). In addition, 
since a rotation unit chooses a each primary radiator, rotating continuously, while 
performing a transmission-and-reception wave using each primary radiator, a 
beam is slightly scanned in the direction of an elevation angle. However, the 
include angle is extent by which the core of a beam is scanned ahead [ 150m ] 
only 0.09m, and does not pose a parenchyma top problem. 
[0049] Drawing 24 is an example at the time of using the rotation unit which 
formed and constituted the dielectric wire way and the primary radiator in the 
metal block of the square pole. 

[0050] Since the rotation location of the above-mentioned rotation unit is 
detectable with a rotary encoder, it is made to rotate at a certain rate (for it not to 
be fixed.) regardless of the driving pulse of VCO, and a motor should just 
process the output signal of an IF signal according to the rotation location of a 
rotation unit. Drawing 25 is drawing showing the example of the detection timing 
in that case. The positional information of a rotation unit is acquired by counting 
the output pulse of a rotary encoder. While the value is predetermined within the 
limits, pulse width transmits the signal which carried out FM pulse modulation by 
the pulse signal in a cycle of 1 microsecond in 50ns, and should just sample the 
IF signal (intermediate frequency signal by mixing with an input signal and a RF 
signal) by reception of the reflected wave at a period smaller than the maximum 
ILo of loss of the switch section from which the signal detection of the insertion 
loss IL by the dielectric wire way switch becomes possible. In addition, in drawing 
25 , although the case of FM pulse method is shown, the same is said of the 
case of a FM-CW method. When the opposite location of a dielectric strip part 



shifts to a rotation unit with rotation, a reflective signal will occur, but in the period, 
since it does not sample, it does not become a problem. 
[0051] Next, other examples of a configuration of a rotation unit are shown in 
drawing 26 . In the example shown in drawing 20 , although the primary radiator 
was formed on the medial axis of each side face of a multiple column 
configuration, it becomes possible by preparing this in the location [ medial axis ] 
shifted to make a beam scan also in the direction of an elevation angle. In the 
example shown in drawing 26 , the location of the 3rd primary radiator can be 
shifted from the core. (B) of this drawing is drawing showing the land-cover 
ahead of antenna equipment about the shape of beam scanned discretely, and 
making the 3rd beam scan in the direction of an elevation angle understands it. 
While making a longitudinal direction scan a beam, it can be made to scan also 
in the direction of an elevation angle, if this operation effectiveness is used. 
Similarly, the scan to a longitudinal direction and the direction of an elevation 
angle as shown in (C) and (D) is also possible. Moreover, the location of a 
primary radiator established in each field of a rotation unit is the beam 1->3->5- 
>2->4->1 which does not need to deviate in order, for example, was shown in 
(B)... It is a beam 1->4->2->5->3->1 in scanning in order ****... The location of a 
primary radiator established in each field of a rotation unit may be defined so that 
it may scan in order. This sequence is arbitrary. 

[0052] Drawing 27 is drawing showing the configuration of the radar module 
which prevented the unnecessary scan to the direction of an elevation angle 
accompanying rotation of a rotation unit. The top view in the condition that (A) 
removed the dielectric lens, drawing which looked at (B) from [ of a rotation unit ] 
the revolving shaft, and (C) are the development views of the side face of a 
rotation unit. Thus, since a beam will be scanned by the hand of cut of a rotation 
unit in case dielectric wire ways rotate in the state of connection by the ability 
shifting the location of a primary radiator in the direction which intersects 
perpendicularly with the revolving shaft of a rotation unit, the unnecessary scan 
to the direction of an elevation angle is not produced. In addition, since the 



location of the 3rd primary radiator can be shifted in the vertical direction in this 
example, it becomes a three-dimension radar like the case where it is shown in 
drawing 26 . 

[0053] Drawing 28 is the example which was made to perform distribution of a 
sending signal and an input signal, without using a circulator. In Japanese Patent 
Application No. No. 280681 [ 08 to ], it has already applied for this fundamental 
configuration. He is trying for a primary radiator to change between the dielectric 
wire ways connected with the dielectric wire way connected with a sending circuit, 
and a receiving circuit by constituting a dielectric wire way and a primary radiator 
from an example shown in drawing 28 on four side faces of the metal block 14, 
and rotating a rotation unit. (B) is the representative circuit schematic of the 
whole. 

[0054] What is necessary is to make the edge of a dielectric strip approach a 
direction 45 degrees to the dielectric resonator which constitutes a primary 
radiator, and just to also lean the direction of a slit of a slit plate to 45 degrees 
according to it, as shown in drawing 29 in turning this to a direction 45 degrees 
although plane of polarization was horizontally turned in the example shown 
above. 

[0055] Drawing 30 shows the example which turned one in the direction which is 
different in other three of four primary radiators. (A) is the perspective view of the 
principal part, it forms in one side face of a rotation unit the dielectric wire way 12 
in which a primary radiator is not formed, and an electromagnetic wave spreads it 
through the dielectric wire ways 11, 12, and 13 in the condition which shows in 
drawing. The tip of a dielectric strip is formed in the edge of the dielectric wire 
way 13 as a rod antenna 43. The orientation of this rod antenna 43 is that 
direction of a tip. When the primary radiator is formed in other 3rd page of a 
rotation unit, respectively and it is located in the top face in drawing, it will point to 
the direction of a top face. (B) shows the installation location to the outline block 
diagram and automobile of the whole radar module. As shown in this drawing, a 
radome is prepared in the direction of a tip of a rod antenna 43, or a dielectric 



lens is prepared. (C) is the whole representative circuit schematic. Thus, it 
becomes possible for three primary radiators to detect the front of a car and to 
detect the method of right-hand side with a rod antenna to coincidence. 
[0056] drawing 31 -- a primary radiator - a conductor - the example in the case 
of making it rotate in the direction of a field of a plate is shown. (A) - a upside 
conductor - the top view in the condition of having removed the plate, and (B) 
are drawings showing the physical relationship of a dielectric lens and the 
rotation section, the rotation section - an up-and-down conductor -- four 
dielectric strips 6a, 6b, 6c, and 6d and four dielectric resonators 40a, 40b, 40c, 
and 40d which were formed a plate and between them are formed. In the 
condition which shows in this drawing, the dielectric strips 3 and 6d counter and 
40d of dielectric resonators acts as a primary radiator. By rotating the rotation 
section, the location in the focal plane over a dielectric lens will carry out 
sequential displacement, as ** - ** show. 

[0057] Drawing 32 is drawing showing the configuration of the radar module 
which used the primary radiator alternatively without moving a primary radiator. 
The configuration of an oscillator, an isolator, a mixer, a coupler, and a circulator 
part is the same as that of the conventional thing shown in drawing 38 . Here, the 
dielectric strips 7a, 7b, and 7c which made the edge approach the dielectric 
resonators 40a, 40b, and 40c as a primary radiator and them are formed, the 
rotation section - an up-and-down conductor » it constitutes from three dielectric 
strips and termination machine which are inserted into a plate and it, and in the 
condition which shows in (B), one port of a circulator and dielectric strip 7c are 
connected, and dielectric resonator 40c becomes effective. In the condition which 
shows in (C), one port of a circulator and dielectric strip 7b are connected, and 
dielectric resonator 40b becomes effective. Thus, the location of the primary 
radiator used by rotation of the rotation section will move in the inside of the focal 
plane of a dielectric lens. 

[0058] Although the connection to a primary radiator was changed in rotation, 
you may make it change this by rectilinear motion in the example mentioned 



above. Drawing 33 is the top view showing the example, drawing - setting - a 
upside conductor » the plate is omitted. Three dielectric strips are prepared in 
the migration section, in the condition which shows in (A), the dielectric strips 3 
and 7b are connected through the dielectric strip of the center of the migration 
section, and dielectric resonator 40b as a primary radiator is used. Moreover, in 
the condition which shows in (B), the dielectric strips 3 and 7c are connected 
through the dielectric strip of the lower part of the migration section, and dielectric 
resonator 40c as a primary radiator is used. Moreover, in the condition which 
shows in (C), the dielectric strips 3 and 7a are connected through the dielectric 
strip of the upper part of the migration section, and dielectric resonator 40a as a 
primary radiator is used. 

[0059] Although it was made to move the location of a primary radiator using a 
single dielectric lens fundamentally in the example shown above, two or more 
dielectric lenses are arranged and you may make it change the orientation of a 
beam by the change to those primary radiators, as shown, for example in 
drawing 34 . In (A), a cross-sectional view and the bottom half section of the 
Johan section are top views. He is trying to change the dielectric strip to the 
dielectric resonator as a primary radiator to this (A) with a dielectric wire way 
switch by the example. He is trying to change the dielectric strip which used the 
tip as the rod antenna as a primary radiator with a dielectric wire way switch in 
the example of (B). 

[0060] Moreover, although the example shown, for example in drawing 20 etc. 
showed the example which scans a beam for every fixed include angle, this 
include-angle spacing does not need to be fixed, for example, you may make it 
the include-angle range where significance is high detect the include-angle range 
of other to a non-dense densely, when detecting. The example is shown in 
drawing 35 . This drawing is drawing showing the physical relationship of a 
dielectric lens and a primary radiator. Like the case of drawing 20 , each side 
face of a rotation unit is developed, and this drawing is arranged and shown on 
the flat surface. Thus, by forming the 1st and the 5th primary radiator in the 



location distant from the adjoining primary radiator [ list / of the 2nd - the 4th 
primary radiator] shifted, include-angle spacing of the 1st, the 2nd and the 4th, 
and the 5th beam can be made into a non-dense, and include-angle spacing of 
the 2nd - the 4th beam can be made dense. Since the location gap (offset 
distance) of a primary radiator is unrelated to the size of a primary radiator, or 
adjoining spacing of a primary radiator, this offset distance is defined freely. 
Therefore, it is set to arbitration where where of a beam scanning zone is made 
dense and made into a non-dense. 

[0061] Moreover, although considered as the configuration which shares an 
antenna to transmission and reception in the example shown above, a 
transmitting antenna and a receiving antenna may be formed independently. 
[0062] 

[Effect of the Invention] According to invention according to claim 1, only by 
changing the opposite condition of two dielectric wire ways by mechanical control, 
since propagation/cut off state of an electromagnetic wave are changed, 
propagation control of an electromagnetic wave can be performed easily. 
[0063] According to invention given in claims 2, 5, 6, and 7, only by rotating the 
unit which prepared the dielectric wire way by the motor, since a bond substitute 
and intermittence of a dielectric wire way can be performed, switch control can 
be performed electrically. 

[0064] According to invention according to claim 3, since a bond substitute and 
intermittence of a dielectric wire way can be performed, there is little movement 
magnitude of a dielectric wire way, it can be managed only with carrying out 
rectilinear motion of the unit which prepared the dielectric wire way, and can 
lessen a part for moving part by it at the whole. 

[0065] Since two or more of other dielectric wire ways will carry out sequential 
opposite alternatively to one certain dielectric wire way only by rotating the part of 
an abbreviation multiple column configuration according to invention according to 
claim 4, the dielectric wire way switch to which two or more dielectric wire ways 
with simple structure were switched one by one is obtained. 



[0066] According to invention according to claim 5, since a dielectric wire way is 
rotated in the direction of a field of a conductor side, a dielectric wire way switch 
can be constituted, making it a thin shape at the whole. 

[0067] According to invention according to claim 8, alternative use of two or more 
primary radiators is attained, and beam switching of an antenna can be easily 
performed now. Moreover, since two or more primary radiators are formed in a 
rotation unit regardless of the size of each primary radiator, or adjoining spacing 
of a primary radiator, the whole antenna equipment can be miniaturized. 
Moreover, since the offset valve position of a primary radiator can be set up 
freely, the direction of a beam can be set as arbitration. Furthermore, a scan 
land-cover can be easily extended now by increasing the number of pages of the 
rotation unit of a multiple column configuration, without enlarging the effective 
area of an antenna. 

[0068] According to invention according to claim 9, it becomes possible to make 
a transmission-and-reception wave beam scan by mechanical control, without 
making the whole equipment, such as a radar module, exercise. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the basic configuration of a dielectric wire way 
switch 

[Drawing 2] Drawing showing the example of the migration direction of a 
dielectric wire way 

[Drawing 3] Drawing showing the example which moves a dielectric wire way in 
the direction of y 

[Drawing 4] Drawing showing the example which moves a dielectric wire way in 
the x directions 

[Drawing 5] Drawing showing the example which moves a dielectric wire way in 
the direction of xtheta 

[Drawing 6] a dielectric wire way - a conductor drawing showing the example 
rotated in the direction of a field of a plate 

[Drawing 7] Drawing showing other examples which move a dielectric wire way in 
the x directions 

[Drawing 8] The perspective view and representative circuit schematic showing 

the configuration of a more concrete dielectric wire way switch 

[Drawing 9] The representative circuit schematic of a dielectric wire way switch 

[Drawing 10] The perspective view of a dielectric wire way switch 

[Drawing 11] The perspective view of a dielectric wire way switch 

[Drawing 12] The top view of a dielectric wire way switch 

[Drawing 13] The top view and representative circuit schematic of a dielectric 

wire way switch 

[Drawing 14] Drawing showing some types of a dielectric wire way 
[Drawing 15] Drawing showing the configuration and the example of use of the 
dielectric wire way switch used for the property measuring instrument of dielectric 
wire way equipment 

[Drawing 16] Drawing showing the configuration of a radar module 
[Drawing 17] Drawing showing the configuration of the rotation unit section 
[Drawing 18] Drawing showing the configuration of primary radiator parts 



[Drawing 19] The representative circuit schematic of the rotation unit part of a 
radar module 

[Drawing 20] Drawing showing the situation of the beam scan accompanying 
rotation of a rotation unit 

[Drawing 21] Drawing showing the situation of a gap of the opposed face of a 
dielectric strip 

[Drawing 22] Drawing showing change of the property by gap of a dielectric wire 
way and a waveguide 

[Drawing 23] The timing chart accompanying rotation of a rotation unit 
[Drawing 24] The timing chart by the rotation unit 

[Drawing 25] Drawing showing the detection timing accompanying rotation of a 
rotation unit 

[Drawing 26] Drawing showing the land-cover of the beam scan by the rotation 
unit 

[Drawing 27] Drawing showing the configuration of a radar module 
[Drawing 28] Drawing showing the configuration of a radar module 
[Drawing 29] The top view showing the configuration of the rotation unit for 45- 
degree polarization 

[Drawing 30] Drawing showing the configuration of a radar module 
[Drawing 31] Drawing showing the configuration of a radar module 
[Drawing 32] Drawing showing the configuration of a radar module 
[Drawing 33] Drawing showing other examples of a configuration of the change 
circuit of a primary radiator 

[Drawing 34] Drawing showing the configuration of antenna equipment 
[Drawing 35] Drawing showing the physical relationship of the dielectric lens and 
primary radiator in antenna equipment 

[Drawing 36] Drawing showing the directivity of the beam when changing offset 
distance to four steps 

[Drawing 37] Drawing showing the relation between offset distance and a tilt 
angle 



[Drawing 38] Drawing showing the configuration of the conventional radar 
module 

[Description of Notations] 

I, 2,4, and 5- a conductor a plate 
3, 6, 7-dielectric strip 

II, 12, 13-dielectric wire way 
S-parting plane 

14-metal block 

15 - 22-termination machine 

31, 32-dielectric plate 

33, 34-dielectric strip section 

35-circuit board 

40-dielectric resonator 

41 -slit plate 

42- slit 

43- rod antenna 
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